Additional TEM Studies: Fig S1: TEM images for the slowed reaction carried out at 0 °C using an ice-water bath, acquired after (a) 5 min and (b) 20 s. (c) Lattice fringes are clearly visible in a high-resolution image of the particles produced at 20 s aging, demonstrating that a crystalline component has already formed. (a) 5 m (b) 20 s (c) 20 s
I.
Additional TEM Studies: II.
Reaction cell PDF experiments:
Initial in situ PDF measurements were performed in a static reaction cell at ratios of 1:2 and 1:6 (Zn:2-MeIm). The precursor solutions were injected to the cell, and measurements started approximately 2 minutes after injection. For the 1:6 case, Bragg peaks were observed at the earliest times measured, approximately 2 minutes after injection, and the subsequent PDFs contained both high and low frequency terms at high-r, similar to the ZIF-8 standard, indicating the presence of crystalline ZIF-8 particles. Qualitatively, no changes were observed up to 104 minutes of measurement, indicating that reaction is rapidly completed, in agreement with TEM measurements. For the 1:2 case, distinct Bragg peaks were not observed, though a slight increase in structural ordering was evident in the PDF up to 224 minutes. However, in both cases, low Qresolution and poor signal-to-noise in the resulting PDFs with this apparatus prevented reliable tracking of the extent of crystallization or crystallite size in either reciprocal or real space. III.
Flow cell PDF experiments:
To investigate the early stages of the reaction, we loaded the precursors into syringes and injected them into a reaction flow cell with a single outlet, allowing continuous flow of the product solution, such that the extent of reaction should remain constant in time at any given distance measured along the tube. We sought to slow down the reaction, without changing the temperature of the reagents, which was not possible in our setup. Two factors could be controlled to affect the extent of reaction in the measured signal: (a) measuring at different distances along the flow cell, and (b) changing the flow rate to change the residence time of the reactants. In our measurements, the beam could not be placed directly at the location where the inlets first mixed. We therefore tuned the flow rate of the inlets to change the relative extent of reaction at the same cell position. The pump rate was controlled using a Harvard Apparatus Pump 11 Elite. The cell consisted of a 2 mm ID Kapton tube to simultaneously increase the scattering statistics collected from a larger scattering volume and decrease background scattering from the cell. The precursor solutions consisted of zinc nitrate in H2O and 2-MeIm in MeOH prepared such that the molar ratio on mixing varied between 1:2, 1:4, and 1:6 (Zn:2-MeIm) with theoretical product yields of 1, 3, or 5 wt%. The background was measured by pumping methanol and water without the reactants at a 1:1 ratio.
Fig S6:
Flow cell used for in situ PDF measurements. 
IV. PDF Modeling:
We employed visual comparison of PDF curves of the products and standards in order to determine the presence or absence of both short-and long-range ordered components. We fit the PDF of the standard ZIF-8 to the long-range ordered signal in the in situ products. A least squares fitting procedure was used to optimize the scaling of the ZIF-8 standard as well as an envelope function, 1 given by,
where ߛ reflects the expected attenuation with increasing-r due to the effects from finite size and shape of the nanostructural domain of coherence (crystallite size). We used the characteristic function for a spherical domain which is given as, 2
where d is the domain diameter, H(r) is a step function with value 1 for ‫ݎ‬ ≤ ݀ and 0 beyond.
In order to further verify the expected molecular and crystalline structural motifs, theoretical PDFs were simulated from atomic models and fit to the experimental PDFs by refinement of the model structure. For periodic crystal structures, G(r) was calculated from known structure models according to
summed over all atoms in the model with periodic boundary conditions on the unit cell. N is the number of atoms, fi and fj are the x-ray atomic form factors of, and rij the distance between, atoms i and j, and ρ0 is the average atom number density. In this case, the fitting program PDFgui 3 was used to carry out small box model refinements, by refining lattice parameters, scale factors, isotropic thermal displacement parameters Uiso, and peak sharpening coefficients to account for rdependent correlated motion. 4 For discrete molecular models, as in the case of the precursor molecules, the PDF was simulated using the Debye equation,
where the reduced total scattering structure function ‫)ܳ(ܨ‬ = ܳ[ܵሺܳሻ − 1] is then Fourier transformed using the same sine Fourier transform used to process the experimental data,
where ܳ and ܳ ௫ are the limits of the integration. This was implemented using Diffpy-CMI. 5
V.
Electrospray Ionization -Mass Spectrometry (ESI-MS) Data: Experiments with zinc nitrate and 2-methylimidazole: We also explored the mass spectrum of the as-synthesized ZIF-8 by dispersing it in a methanol/water (50:50) at a sufficiently low concentration such that it forms a colloidal suspension and therefore can be electro-sprayed from the solution. This shows the mass spectrum with ions corresponding to Zn (2-mim)x. (2-mim-H) + as well as their hydrated counterparts. We also observe some ion where x = 5-7, but these are of much lower abundances. As a comparison, the (2-mim)n cluster peaks in the spectrum of the mixed sample become much weaker, indicating dissociation of (2-mim)n clusters and formation of ZIF-8 MOF structure.
VII. Computational methods:
DFT calculations on Zn(2-mim)x were performed using Gaussian basis sets with NWCHEM code. 6 We used PBE0 exchange-correlation functional, 7 a hybrid functional with 25% Hatree-Fock exchange energy. Recent studies indicate that PBE0 predicts performs well in predicting energetics and structure of organometallic complexes. 8 We used the Dunning's correlation consistent polarized basis sets augmented with diffuse functions at the level of aug-cc-pVDZ as supplied in NWCHEM. 9 To minimize computational complexity, diffuse functions were added only for the Zn species. Grimme's DFT-D3 dispersion was accounted for when computing the energetics. 10, 11 The molecules were optimized with the default convergence parameters of NWCHEM. Binding energies are calculated using the formula ‫ܧܤ‬ = ‫ܧ‬ ௫ − ‫ܧ‬ ௧ − ∑ ‫ܧ‬ , where Ecomplex is the energy of the molecule, Emetal is the energy of isolated metal atom and Ei is the energy of i th imidazole monomer. Basis set superposition error (BSSE) is calculated as ∑ ‫ܧ‬
௫௧ is the energy of the 2methyl imidazole ring with the extended basis set of the whole molecule and ‫ܧ‬ ௦ is the energy of the 2methyl imidazole ring with the standalone basis set. 
VIII. Additional measurements:
Freshly synthesized ZIF-8 was characterized using the powder X-ray diffraction, Thermogravimetric analysis and BET surface area measurements. The BET was conducted on a Quantachrome Autosorb 1 MP. 
